Many species exhibit behavioral tendencies that are stable over time and across contexts. Robust variation in sociability, or the propensity to approach others, is widespread across the vertebrates. Nonetheless, the influence of sociability on reproductive performance is largely unknown. In this study, we explore the relationship between sociability and reproductive behavior in flocks of Brown-headed Cowbirds (Molothrus ater ater). In spring 2011, we separated birds into three large aviaries based on the number of approaches they initiated and received during fall 2010. Females were separated into high, intermediate, and low sociable flocks, while male sociability was spread evenly across the three flocks. Here we report for the first time that different patterns of social approach tendencies in the fall predicted reproductive behavior in the spring. The high sociable flocks contained more laying females who produced more eggs in contrast to the other flocks. Male courtship behavior was comparable across the three flocks. These findings suggest that robust variation in sociability is an important factor in reproductive performance.
Across a diverse range of species there exists significant interindividual variation in sociability, or the willingness to interact with conspecifics (e.g., macaques (Capitanio, 2002; Pavelka, Gillespie, & Griffin, 1991) , chimpanzees (Koski, 2011) , sheep (Sibbald, Elston, Smith, & Erhard, 2005) , cows (Gibbons, Lawrence, & Haskell, 2010) , Japanese quail (Mills & Faure, 2000) , common lizards (Cote, Dreiss, & Clobert, 2008) , greylag geese (Kralj-Fišer, Scheiber, Biejec, Moesti, & Kortschal, 2007) , mice (Brodkin, 2007) , and cowbirds (Kohn, King, Scherschel, & West, 2011) . In cowbirds, sociability has been shown to remain stable over long periods of time and across multiple social contexts (Kohn et al., 2011) . Therefore, when the social environment changes, individuals will maintain comparable ranked distributions of sociability. By structuring the spatial proximity between conspecifics sociability can influence access to social resources (McBride, 1971) . Despite its ubiquity and robustness, sociability has received less attention than other animal temperament traits, and its relationship to reproduction is largely unknown. In this study, we investigate the relationship between reproductive performance and inherent sociability documented across seasons and years.
A central aspect of sociability is the management of proximity with others. Close proximity affords significant benefits for assessing individual quality and accessing social information (Coussi-Korbel & Fragazy, 1995; Fernández-Juricic & Kacelnik, 2004; White, Gros-Louis, King, Papakhian, & West, 2007) . In Brown-headed Cowbirds (Molothrus ater), social proximity during early life guides the development of social behavior (White et al., 2007) . In particular, juveniles that remain in close proximity with experienced adults are better at assessing the behavior of conspecifics and responding appropriately. In Zenaida doves (Zenaida aurita), individuals from gregarious populations tend to perform better on social learning tasks with conspecifics in contrast to individuals from territorial populations (Dolman, Templeton, & Lefebvre, 1996) . Most animals possess rigid personal fields, or areas around individuals where they generally resist approaches from others, and the size and diversity of these fields determines how individuals interact (McBride, 1971 (McBride, , 1976 . Personal fields are defined by how individuals approach and withdraw from others. The propensity to approach others is an important component of both human and animal temperaments (Davidson, 2006; Lerner, 1989; Schneirla, 1965; Windle, 1995) , and its neural underpinnings have been well studied (Hood, Greenberg, & Tobach, 1995) . During an approach, an individual moves in close proximity to a recipient who then has the choice of either staying, and thus allowing the approach, or withdrawing and averting the approach. A successful approach reflects the ability or social skill to maintain close proximity without eliciting withdrawal. Thus, variation in sociability exposes individuals to different patterns of interaction with conspecifics.
Sociability, through the construction of different social experiences, can steer the acquisition of reproductive skills (Stamps & Groothuis, 2010) . Highly sociable humans were more likely to have multiple sexual partners and become pregnant (Jokela, Kivimäki, Elovainio, & Keltikangas-Järvinen, 2009 ). Studies with ba-boons (Papio cynocephalus) have demonstrated that offspring from mothers with stronger female bonds were more likely to survive their first year (Silk, Alberts, & Altmann, 2003) . Cote et al. (2008) measured social tolerance to conspecific odors in newborn common lizards (Lacerta vivipara) and discovered that social tolerance predicted which females were likely to become pregnant and have larger clutch sizes. Other studies have shown that sociability shapes life-history decisions such as dispersal tendencies (Cote & Colbert, 2007) , which may consequently influence reproductive decisions. Altogether, these studies suggest that sociability, by shaping how individuals interact with potential mates and helpers, constructs different opportunities to mate and raise offspring, with more sociable individuals often exhibiting higher reproductive success. Nonetheless, most studies of sociability rely on indirect measures of approach or use ritualized social behaviors such as grooming (Silk et al., 2003) over unchanging social environments. Here we investigate how basic social approach tendencies in cowbirds influence the expression of reproductive behavior during courtship and shape reproductive output.
Song is the cornerstone of cowbird courtship. During a directed song, a male orients toward another individual, splays out his wings, and delivers a song while bowing. Males can deliver single directed songs to both males and females (who do not sing), or exchange directed songs with other males in countersinging matches. Directed songs and countersinging shape dominance hierarchies in males (Dufty, 1986; Rothstein, Yokel, & Fleischer, 1988) , and are used by females to assess males (King & West, 1983b; O'Loghlen & Rothstein, 2010) . Cowbird song degrades over short-distances (King, West, Eastzer, & Staddon, 1981) , and directed songs are regularly performed within inches of others. Females must therefore maintain close proximity to males to assess song quality , and female cowbirds solicit copulations in response to directed song from a preferred male (King & West, 1983b) . Previous studies have demonstrated that higher numbers of songs within countersinging matches and directed toward females increases male copulatory success and stimulates female egg laying (White, King, West, Gros-Louis, & Tuttle, 2010) . Furthermore, the rates of both countersinging and directed songs increase in response to close female proximity . Thus, males exposed to more sociable females may exhibit higher rates of directed songs and stimulate females to lay more eggs in comparison with males exposed to less sociable females.
Female proximity plays a definitive role in constructing opportunities for successful courtship and copulation. As obligate brood parasites, juvenile cowbirds are raised by foster species and join conspecific flocks after fledging (Friedmann, 1929) . After joining flocks, cowbirds require extensive social learning to court and reproduce successfully White, King, & West, 2002) . In particular, cowbirds must learn to recognize the visual and acoustic signals for courtship, and to respond appropriately. Female cowbirds respond to preferred male songs with visual cues known as wing-strokes, and males require close female proximity while singing to observe these responses (West & King, 1988) . During a wing-stroke, a female responds to a preferred male's song by rapidly elevating her wing. Wing-strokes appear to be a precursor of the female solicitation display and focus male attention on specific females while reinforcing high-quality song types (West & King, 1988) . Consequently, an individual's propensity to approach conspecifics will shape access to the communicative cues needed to court, mate, and produce offspring.
How selective, or choosy, individuals are in approaching others will also shape their reproductive opportunities. Less selective cowbirds will have more opportunities to assess, court, and potentially mate with a wider diversity of individuals. Variation in selectivity has known proximate neural mechanisms (Hamilton, King, Sengelaub, & West, 1997; Insel & Young, 2001) , reflects temperament types (David & Cézilly, 2011) , and shapes mating decisions across many species (Insel & Young, 2001) . Previous studies have shown that female cowbirds exhibit significant variation in their selectivity to respond to male song (Hamilton et al., 1997) . In some females only particular songs elicit a copulatory response, whereas in other females a wide diversity of songs can elicit a copulatory response. Such selectivity might also extend to cowbird approach tendencies and reproductive behavior, as cowbirds have been observed to form both monogamous and promiscuous relationships during the spring (Friedmann, 1929; Ortega, 1998) . Currently, it is unknown whether cowbirds vary in their selectivity when approaching others and whether this selectivity reflects an individual's overall sociability and predicts reproductive performance.
In the current study, we explore the interaction between sociability and reproductive performance in cowbirds by manipulating the flock composition of both male and female sociability. Over a 2-year period, we documented autumnal patterns of individual sociability in flocks of cowbirds that were allowed to associate freely. In the second spring, we created three flocks based on sociability scores during the previous fall. Females were separated into high, intermediate, and low sociable flocks, whereas male sociability was spread evenly across the three flocks. Because of the importance of female proximity in shaping courtship behaviors, we hypothesized that more sociable females would construct more opportunities to interact, court, and produce more eggs than less sociable females. We predicted that high levels of female sociability would lead to more male countersinging, even though male sociability was equivalent across the three flocks. We also examined whether sociability reflected how selective individuals were when approaching others during the spring. In particular, we expected that more sociable cowbirds would also be less selective in their approaches and therefore be able to assess more potential mates. We expected that courtship and egg production would differ across the three flocks with increased egg production in flocks with females who were more sociable.
Method Subjects
All birds were cowbirds, Molothrus ater ater, originally captured in Philadelphia County, Pennsylvania or Monroe County, Indiana, U.S.A. and housed in aviaries in Monroe County, Indiana. Previous studies have shown no differences in the song or social behavior within the Molothrus ater ater subspecies (King & West, 1990) . We used 34 male and 38 female cowbirds during the course of this study. At the beginning of April 2011, all individuals ranged in age from 2 to 13 years, with an average age of 5 years. After capture, all birds were fitted with a unique series of colored leg bands to allow for individual identification. Some birds died during the study; between fall 2009 and fall 2010 six birds died, and between fall 2010 and spring 2011 10 birds died. All flock sizes and compositions were well within the normal range for this species (Friedmann, 1929) . We provided all birds with a daily diet of vitamin treated water (Aquavite Nutritional Research Association, South Whitley, IN, U.S.A.), red and white millet, canary seed, and a modified Bronx Zoo diet for blackbirds.
Aviaries
We used four aviaries in this study. Each aviary had identical dimensions (9.1 ϫ 21.4 ϫ 3.4 m), and similar environmental conditions with shrubs, trees, a covered feeding station, and access to indoor enclosures. The size of the aviaries and availability of cover provided individuals with significant degrees of freedom to either interact or avoid interacting with others. All aviaries allowed birds to be exposed to ambient climatic conditions and the presence of wild cowbirds and predators. During the spring, each aviary was supplied with six artificial nests. All nests were supplied with yogurt-covered raisins as decoy eggs. Nests were video monitored to determine the identity of females laying eggs using Geovision software (Geovision Inc. 2008, 9235 Research Drive, Irvine, CA, U.S.A.) on Dell Vostro 230 computers running a 32-bit Windows 7 operating system.
Data Collection
During observations, we recorded either approaches or songs. All observations were conducted using a scan sampling procedure (Altmann, 1974) with voice recognition technology (White, King, & Duncan, 2002 ). An approach was scored when one individual approached a conspecific within a radius of 30 cm around their body. We recorded three types of song: directed song, undirected song, and countersinging matches. A directed song occurred when a male sang while oriented on an axis of 0°to 45°toward a conspecific. An undirected song occurred when a male sang without orienting toward a conspecific. A countersinging match was tabulated if a male reciprocated a directed song within 15 seconds. Copulations were also recorded during both approach and song observations. Approach behaviors were recorded during a 7-min scan sampling block while song interactions were recorded during a 15-min scan sampling block. All observations were conducted between 0700 and 1030 hours. During the spring, each nest was checked daily from 0700 to 0730 hours for the presence of newly laid eggs. Cowbird eggs were collected daily and decoy eggs were resupplied so that each nest maintained one to three decoy eggs. All nests were moved to a different position after 8 days.
Procedure
Fall observations 2009. From September 18th to November 21st we observed two aviaries. Aviary 1 contained 11 males and nine females, and aviary 2 contained eight males and 10 females. Two observers conducted observations where approaches were recorded (observation blocks: 286 in aviary 1, 287 in aviary 2).
Fall observations 2010. From September 7th to November 13th we observed two aviaries. Aviary 1 contained 32 birds, including 15 females and 17 males, and aviary 2 contained 34 birds, including 19 females and 15 males. All birds from aviary 1 had been observed the previous fall, while all birds from aviary 2 had not been observed previously. During observations three observers recorded approaches (observation blocks: 103 in aviary 1, 254 in aviary 2).
Sociability calculations. Using the approach data, we calculated both the approach rate initiated and the approach rate received per observation block for each individual during fall 2009, fall 2010, and spring 2011. For each season, we took the total number of approaches an individual either initiated or received and divided it by the total number of observation blocks. We calculated an individual's sociability by summing their approach rate initiated and the approach rate received.
Female manipulation 2011. On March 25th, all individuals were separated into three flocks based on their sociability in fall 2010. The 12 most sociable females from the top third of the distribution were assigned to the high sociable aviary (hereafter high/intermediate/low aviaries), nine females of intermediate sociability from the middle third of the distribution were assigned to the intermediate aviary, while the 11 least sociable females in the lower third of the distribution were assigned to the low aviary.
Male manipulation 2011. We distributed males across the three aviaries so that they contained a similar distribution of sociability, 2 (2, n ϭ 24) ϭ 2.18, p ϭ .34, the high aviary contained nine males, the intermediate aviary contained eight males, and the low aviary contained nine males. Spring nest monitoring 2011. All nests were video monitored from May 24th to June 10th to capture the identity of laying females and the number of eggs laid. During video analysis, we used the individual band combination to identify the laying females.
Analysis. Because of small sample sizes and non-normality of data we primarily used nonparametric statistics. Spearman rank correlations were used to look at the consistency of approach rates initiated and approach rates received over fall 2009, fall 2010, and spring 2011. Mann-Whitney U tests and Kruskal-Wallis tests were used to look at differences in eggs laid, approach rates, and sex-assortment across aviaries during the spring.
A Fisher's exact test with a Monte Carlo simulation was used to compare the egg distributions (the number of eggs laid for each female) across the three aviaries. A generalized linear model (GLM) was used to uncover the factors influencing female egg laying. The dependent variable in our GLM was binary and was whether a female laid or did not lay eggs during the video recording period. The explanatory variables were aviary (high, intermediate, or low), the number of songs that each female received from males, the number of males that sang to a female, and the number of copulations each female had. We simplified our GLM through stepwise elimination of nonsignificant variables. Our model used a binomial error distribution with a link-logit function, and during model simplification we used log-likelihood ratio tests with a chi-square distribution to assess the influence of specific explanatory variables. Spring sociability was calculated by summing the approach rates initiated and approach rates received from April 2011. Within aviaries, we used Spearman rank correlations to investigate whether spring sociability correlated with individual egg production.
During spring 2011, we tabulated to total number of songs directed toward females and males, as well as the number of undirected and songs sung in countersinging matches. KruskalWallis tests were used to look at differences in the amount of female directed, male directed, undirected, and countersinging matches across the three aviaries.
To investigate social selectivity, we rank ordered the number of approaches to each conspecific from lowest to highest during spring 2011. For each individual, we also calculated a social selectivity quotient where we subtracted the proportion of approaches directed toward the top 50% of recipients from the proportion of approaches directed toward the bottom 50% of recipients. When flock size was uneven, we rounded the bottom 50% of recipients upward. Individuals with higher social selectivity quotients had distributed more approaches toward fewer individuals. Kruskal-Wallis tests and Mann-Whitney U tests were used to see whether the females differed in their selectivity quotients during the spring 2011. All analysis was conducted using R version 2.11.1 (the R project website, http://www.r-project.org/) for Mac.
Results

Social Approach
We observed a total of 19,036 approaches during fall 2009, 3252 approaches during fall 2010, and 3019 approaches during spring 2011. Analysis of approach rates for fall 2009 and fall 2010 is published in Kohn et al. (2011) and demonstrated that fall approach rates remained correlated across changes in social context. During spring 2011, there were significant differences in the approach rates that females initiated, 2 (2, n ϭ 32) ϭ 13.31, p ϭ .001, and received, 2 (2, n ϭ 32) ϭ 15.87, p Ͻ .001, across the three aviaries (Figure 1 There were also significant differences in the approach rates males received, 2 (2, n ϭ 24) ϭ 7.77, p ϭ .02, with males in higher aviaries receiving more approaches from females than males in the lower aviaries (High: Mdn ϭ 2.241, IQR ϭ 1.10; Intermediate: Mdn ϭ 1.25, IQR ϭ 0.58; Low: Mdn ϭ 0.87, IQR ϭ 0.92). We found no differences in the number of approaches males initiated across the three aviaries, 2 (2, n ϭ 24) ϭ 1.93, p ϭ .38 (Figure 1. ).
Sociability Across Years
Patterns of female sociability remained consistent across all years, whereas male sociability was less consistent between years. We discovered significant correlations in both the approach rate initiated and the approach rate received for females from fall 2009 to April 2011 (see Table 1 ). Male sociability did not exhibit consistently significant correlations; although male approach rate initiated and approach rate received exhibited significant correlations between fall 2009 and fall 2010, we observed only one significant correlation in male approach rate initiated from fall 2010 to April 2011 (see Table 1 ).
Egg Production
Flocks with more sociable females produced more eggs and contained a higher number of laying females. We collected 65 eggs in the high aviary, 36 eggs in the intermediate aviary, and 32 eggs in the low aviary. From our video recordings, we discovered that the distribution of eggs between the aviaries was significantly different from expected frequencies, 2 (2, n ϭ 32) ϭ 7.33, p ϭ .03, Fisher's exact test: p ϭ .03, with females in the high aviary laying significantly more eggs than females in the low aviary (High: Mdn ϭ 1, IQR ϭ 0.25; Low: Mdn ϭ 0.0, IQR ϭ 0.2; U ϭ 96.5, n 1 ϭ 12, n 2 ϭ 11, p ϭ .048). Our GLM model demonstrated a significant influence of aviary (T ϭ Ϫ2.153, p ϭ .03), and a marginally significant influence of the number of songs a female received (T ϭ 1.910, p ϭ .056), on the number of laying females. Model comparisons demonstrated a significant change in the residual deviance when both aviary, 2 (2, n ϭ 32) ϭ Ϫ9.1364, p ϭ .01, and songs received, 2 (2, n ϭ 32) ϭ Ϫ7.4079, p ϭ .007, were removed from the model. Post hoc analysis demonstrated that laying females received significantly more songs in contrast to nonlaying females (Laying females: Mdn ϭ 272, IQR ϭ 162; Nonlaying females: Mdn ϭ 88, IQR ϭ 137.5; U ϭ 42, n 1 ϭ 15, n 2 ϭ 17, p ϭ .0013). The high aviary had a significantly higher number of laying females in contrast to both the intermediate and low aviaries (Fisher's exact test: p ϭ .016, Figure 2) .
Within aviaries, individual egg production reflected individual sociability measured in April 2011. We found that more sociable females laid more eggs within the high ( ϭ 0.77, p ϭ .003) and intermediate ( ϭ 0.63, p ϭ .06) aviaries, but not within the low aviary ( ϭ Ϫ0.27, p ϭ .41).
Song Comparisons Across Aviaries
There were no significant differences in male song across the three aviaries. We collected a total of 21,280 songs throughout the breeding season; males in the high aviary sang the most songs (n ϭ 8489), followed by the low (n ϭ 6812) and intermediate (n ϭ 5979) aviaries. There were no significant differences in the amount of countersinging, 2 (2, n ϭ 24) ϭ 5, p ϭ .08, or directed songs toward males, 2 (2, n ϭ 24) ϭ 1.17, p ϭ .556, or females, 2 (2, n ϭ 24) ϭ 0.2, p ϭ .9, across the three aviaries. Furthermore, we observed no differences in the proportion of songs directed to males or females, 2 (2, n ϭ 24) ϭ 1.90, p ϭ .386, or within countersinging matches, 2 (2, n ϭ 24) ϭ 2.965, p ϭ .227, between the three flocks. Thus, distributing male sociability evenly across aviaries resulted in similar patterns of singing behavior.
Social Selectivity
Females in flocks with less sociable females were more selective in their interactions in comparison with flocks of highly sociable females. During spring 2011, females in each aviary differed in their social selectivity quotients (Female-Female selectivity:
2 (2, n ϭ 32) ϭ 20.0, p Ͻ .001; Female-Male selectivity: 2 (2, n ϭ 24) ϭ 15.3, p Ͻ .001) with females in the low flock being significantly more selective in comparison with the high flock (Female-Female selectivity: High: Mdn ϭ 35.6, IQR ϭ 18; Low: Mdn ϭ 83.77, IQR ϭ 9; U ϭ 1, n 1 ϭ 11, n 2 ϭ 12, p Ͻ .001; Female-Male selectivity: High: Mdn ϭ 54.31, IQR ϭ 37.9; Low: Mdn ϭ 100, IQR ϭ 25.9; U ϭ 19.5, n 1 ϭ 11, n 2 ϭ 12, p ϭ .007). We found no significant differences in male social selectivity across the three aviaries during the spring.
Discussion
To our knowledge, this is the first experimental documentation that individual sociability shapes reproductive behavior in birds. Female cowbirds maintained comparable levels of sociability across seasons and years. Flocks of highly sociable females contained more laying females who laid more eggs than flocks with less sociable females. In addition, within the high flock, spring sociability correlated with individual egg production and showed a tendency to correlate with egg production in the intermediate flock. Evenly distributing male sociability across aviaries garnered no significant differences in male singing behaviors that predict reproductive success (White et al., 2010) . Furthermore, females differed in how choosy they were when approaching others. Less sociable females were more selective by distributing their approaches across a smaller range of conspecifics than more sociable females. Female cowbirds exhibited correlated approach tendencies across seasons and years. Previous studies have shown that juvenile female cowbirds also display stable variation in sociability across social contexts before interacting with adults (Kohn et al., 2011) . Early differences in sociability will shape the social interactions juveniles have and the behaviors they learn from others. Because of their brood parasitic nature, many researchers have considered cowbird social behavior to be the result of inborn tendencies, and thus resistant to the effects of experience (Mayr, 1974) . However, subsequent research has demonstrated that cowbirds require direct social interaction for the ontogeny of basic social and reproductive skills (Freeberg, King, & West, 1995; White, King, & West, 2002) For example, juvenile male cowbirds raised without adult male interaction develop deficient courtship behavior (White, King, & West, 2002) , and juvenile males exposed to more sociable females display more aggressive tendencies and more directed song . Female cowbirds copy mate preferences by attending to other female song responses (Freed-Brown & White, 2009) , and direct female-female interaction is necessary for acquiring local song preferences (West, King, White, Gros-Louis, & Freed-Brown, 2006) . Most social interaction in cowbirds requires close proximity as song degrades over short distances (King & West, 1983a; King et al., 1981) , and important communicative cues, such as wing-strokes, can only be observed in close proximity (West & King, 1988; White et al., 2007) . Therefore, our findings suggest that variation in sociability may shape the ontogeny of cowbird social skills, or the appropriate behavioral responses to others, and consequently guide the development of reproductive performance.
Separating cowbirds based on their sociability resulted in divergent patterns of social approach and reproductive behavior during the spring. In cowbirds, flocks of highly sociable females will contain more opportunities to approach, assess, and mate with others in contrast to flocks of less sociable females. This was reflected in our study as the number of laying females progressively increased from low to high flock. Furthermore, within both the high and intermediate flocks more sociable females laid more eggs than less sociable individuals. Variation in temperament types can shape access to social resources by influencing how individuals interact (Capitanio, 2010; Mason, 1978) . For instance, more impulsive juvenile rhesus macaques (Macaca mulatta) approached others frequently and obtained higher social status in adulthood (Box, 1999) , whereas more sociable rhesus macaques exhibit more appropriate behavioral responses to video playbacks of conspecific behaviors (Capitanio, 2002) . Aggressive male water-striders (Aquarius remigis) elicit withdrawal responses from females and reduce reproductive opportunities for the whole group (Sih & Watters, 2005) . Sapolsky and Share (2004) discovered that the removal of aggressive males from baboon (Papio anubia) troops resulted in the emergence and maintenance of a more pacific dynamic, while foraging efficiency in guppies (Poecilia reticulata) was enhanced when shoals contained a mix of both bold and shy individuals (Dyer, Croft, Morrell, & Krause, 2009 ). Our findings further suggest that variation in temperament types can affect the social and reproductive performance of individuals by changing the frequency and nature of social interaction.
Cowbirds varied in how often and how widely they distribute their approaches. Within highly sociable flocks, females were less choosy in whom they approached, and approached others more often, in contrast to less sociable flocks. Frequent but selective approaches often signify strong individual relationships, whereas frequent but distributed approaches signify gregariousness (Hinde, 1976) . Thus, females increasingly distributed their approaches more gregariously from low to high flock. More gregarious female cowbirds will have more opportunities to assess songs from a diversity of males, which may influence their subsequent reproductive decisions. Variation in female selectivity is an important component of mating systems, and while most cowbirds maintain selective monogamous relationships, promiscuous relationships have also been observed (Ortega, 1998) . Female cowbirds also exhibit significant variation in which song variants evoke copulatory responses with some females being consistently more selective than others (Hamilton et al., 1997) . In the present study, it is impossible to know all the costs and benefits of being a highly sociable but less selective female, versus being a less sociable but more selective female, as selectivity is necessary for mate choice decisions and forming strong relationships (Insel & Young, 2001) . Nevertheless, our finding that more sociable cowbirds are also less selective when approaching others appears to have differentiated divergent strategies that individuals employ to navigate the social environment and mate.
We found no significant differences in male singing behavior, selectivity, or the number of male initiated approaches across the three aviaries. Consequently, differences in female reproductive performance across flocks were unlikely to be a direct product of male singing or approach behavior. This contrasts with previous experiments showing that close female proximity increases male directed song and countersinging matches . However, unlike previous studies that used only juvenile males, all males in this experiment were familiar adults. Therefore, stable singing patterns may emerge later in development, and not be as responsive to female proximity as juvenile singing patterns. Overall, these findings suggest that stable variation in female approach tendencies, and not changes in male behavior, was the primary attribute influencing female egg production.
The neural and physiological foundations of variation in sociability are well known. All vertebrates, from fish (Thompson & Walton, 2004) to humans (Heinrichs & Domes, 2008) , use homologous nonapeptide neurohormones to control the expression of social approach behavior. In birds, the nonapeptide hormone mesotocin modulates the tendency to approach others (Goodson & Kingsbury, 2011; Goodson, Schrock, Klatt, Kabelik, & Kingsbury, 2009 ). The selectivity of approach tendencies is also related to basic neural structures and processes. In prairie voles (Microtus ochrogaster), individual variation in oxytocin systems shapes the selectivity of mate choice decisions (Williams, Insel, Harbaug, & Carter, 1994) . Similarly, female cowbirds who are more selective in their responsiveness to male song exhibit a denser lMAN (a brain region associated with song perception in females and song expression in males) in contrast to less selective females (Hamilton et al., 1997) . These studies, along with our own findings, suggest that variation in basic neuroendocrine systems may influence reproductive performance by shaping how individuals approach others and interact.
Social approach is the most rudimentary component of all social behavior. Schneirla (1965) and others (Hood et al., 1995) have suggested that basic approach tendencies are important factors in the evolution and development of behavior. Our study demonstrates that robust variation in female sociability shapes reproduction, with increased reproductive output in flocks with more sociable females. Variation in approach tendencies, in a context not associated with mating, is predictive of reproductive consequences many months and even years in the future. This suggest that more sociable females will have more opportunities to reproduce and possess better social skills to take advantage of those opportunities. That approach alone is predictive of reproductive output indicates that basic social temperament traits, and the behaviorally economical systems underlying them, could provide a widespread mechanism for variation in reproductive behavior.
